ABSTRACT Two experiments were conducted with fast-(Ross × 3F8) and slow-(Ross × 308) feathering broiler males from 0 to 3 wk of age to determine Met and Cys requirements. A corn-soybean meal basal diet was formulated to be deficient in Met and Cys but was adequate in all other nutrients (22.0% CP; 3,050 kcal ME/kg). In experiment 1, diets contained 0.50% dietary Cys with 0.35, 0.40, 0.45, and 0.50% total Met. Feed conversion (FC) of slow-and fast-feathering males improved in a similar manner to 0.50% Met (linear, P < 0.05). Nitrogen retention measured from 20 to 21 d of age optimized at 0.46% Met (quadratic, P < 0.01), regardless of feathering rate.
INTRODUCTION
Methionine and Cys have distinctly different roles and nutritional needs by the growing broiler. Because the requirement for Cys may be overcome by a surfeit supply of dietary Met, the requirements are usually related as a composite of the needs for both amino acids; however, important implications to this combination exist. Bioefficacy from using Met to satisfy Cys need approximates 80% , and the relative contributions of Met and Cys in attaining TSAA requirement level can influence the performance by the animal Kirchgessner, 1987, 1989; Ohta and Ishibashi, 1994) . Different experimental approaches have been used to determine Met and Cys needs per se (Featherston and Rogler, 1978) , and the digestibility among feedstuffs may vary extensively (Chung and Baker, 1992) . Finally, specific analytical procedures are necessary to accurately measure Cys, and the standard method usually does not reflect actual contents (Degussa, 1982) . All the aforementioned problems have contributed to the inconsistency of reported requirement estimates (NRC, 1994) . To whom correspondence should be addressed: kalina1@ auburn.edu.
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Experiment 2 examined the response to feeding 0.35, 0.40, 0.45, and 0.50% total Cys in diets having total Met at 0.45%. Increasing Cys improved FC that optimized at 0.40% with fast-feathering birds (quadratic, P < 0.01), whereas slow-feathering broilers were not responsive. Nitrogen retention measured from d 20 to 21 did not indicate a difference attributable to feathering but a Cys optimization at 0.43% with both broiler sources. Present experimentation indicates a Met requirement approximating 0.50% is appropriate for broilers 0 to 3 wk of age, regardless of feather rate; however, the estimated Cys requirement for slow-feathering males (0.39%) was less than for fast-feathering (0.44%) males.
Earlier studies on Met and Cys requirements for the 0-to-3-wk period (Moran, 1981; Wheeler and Latshaw, 1981; Engler et al., 1985) were conducted several years ago, and a substantial improvement in broiler performance has occurred during the interim. Protein accretion with broiler growth based on significant differences in the use of Met and Cys can be partitioned into feathers and the remainder of the body (Gous et al., 1999) . Keratin synthesis requires high amounts of Cys and minimal Met, whereas to a lesser degree the converse occurs with the rest of body protein (Nitsan et al., 1981; Hurwitz et al., 1983; Degussa, 1990) . Thus, increased growth rates would be expected to exert an influence on the absolute Met requirement, whereas its relationship with Cys could be influenced to a great extent by concurrent feather protein synthesis.
In the present study, requirements for Met and Cys were examined from 0 to 3 wk of age using today's rapidly growing broiler males and comparing strains that genetically exhibited slow and fast feathering. ering: Ross × Ross 308 and fast feathering: Ross × Ross 3F8) were employed in each of two experiments. Dayold chicks were commercially obtained then randomly placed in wired cages (6 chicks/cage) of Petersime 2 batteries in a temperature-controlled room with continuous lighting. Experimental feeds (steam pelleted and crumbled) and water were provided ad libitum throughout the 21 d experimental period. Body weights and feed consumption were recorded weekly, and the calculated feed conversion was corrected for mortality on a "bird day" basis.
Nitrogen balance of chicks fed the various diets was conducted at the end of experimentation. Excreta were collected, and feed consumption was recorded from each pen of broilers for a 24-h period. Excreta was freeze-dried and weighed then finely ground. After being placed in a vacuum oven overnight, subsamples of excreta and respective feeds were analyzed for nitrogen.
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Animal handling procedures during experimentation were in accordance with guidelines of the Auburn University's Institutional Animal Care and Use Committee.
Basal diet
The corn-soybean meal basal diet (Table 1 ) used for both experiments was deficient in sulfur amino acids (SAA) but adequate in all other nutrients (NRC, 1994) . This basal diet was calculated to contain 3,050 kcal ME/ kg, 22% CP, and 0.70% SAA (0.35% Met and 0.35% Cys). Total Met and Cys concentrations were altered by adding DL-Met, L-Cys, or both at the expense of corn.
Experiment 1. Determination of the Met Requirement
Determining the Met requirement for the 0-to-3-wk period involved using the basal diet that had supplemental Cys to provide a total (0.50%) substantially exceeding the requirement advocated by NRC (1994): 0.40%. Experimental treatments were generated by progressively adding increments of 0.05% DL-Met to the basal diet from a total of 0.35% to 0.50%. Each dietary Met level was fed to slow-and fast-feathering strains each of which was represented by nine replicate cages.
Experiment 2. Measurement of Cys Requirement
The Cys requirement was determined using a basal diet to which sufficient DL-Met was added to be submarginal (0.45%) to that previously considered to be adequate. Cystine concentration providing an optimal response was expressed as a proportion to the submarginal Met concentration which, in turn, enabled correction to the full Met requirement and obtain actual Cys need. Experimental diets contained three progressive additions of 0.05% Lcystine to the basal resulting in total concentrations ranging from 0.35 to 0.50%. In parallel to previous experimentation, nine replicates represented each dietary Cys level and broiler feathering rate.
Statistical Analysis
Statistical analyses were performed using the general linear procedure of the SAS software (SAS Institute, 1990) . A two (feathering strains) by four (dietary SAA level) factorial arrangement of treatments in a randomized complete block design was employed in the analysis of variance. A dose-response approach was used to evaluate performance data in order to determine the requirements for Met and Cys based on significance (P ≤ 0.05) of the quadratic component of a third order regression model.
RESULTS
Concentrations of all essential amino acids in the basal diet satisfied NRC (1994) recommendations for broilers from 0 to 3 wks of age with the exception of Met and Cys (Table 1) . These levels of Met and Cys were minimums likely to occur in practice. Experimental feeds generated from the basal by supplementing with DL-Met or L-Cys were also analyzed, results that were in agreement with calculated values. Experiment 1 was expected to have Met at 0.35, 0.40, 0.45, and 0.50% with Cys constant at 0.50% and analyzed as 0.34, 0.42, 0.45, and 0.51 % Met with 0.51% Cys, respectively. Experiment 2 was to provide Cys at 0.35, 0.40, 0.45, and 0.50% with Met con- Values expressed for main effects and polynomial factors correspond to the probability. 
Met Requirement
An advantage in BW was apparent at placement for chicks representing slow-feathering broilers compared to fast-feathering broilers. These chicks were commercially obtained, and this difference was likely due to egg weight and breeder flock (Table 2) . Although BW differed at start and continued through experimentation, chicks from each feathering type did not differentially respond to progressive increases in Met when Cys was adequate [i.e., statistical interactions between feathering rate and Met level were not significant (P > 0.05)]. Increasing the Met concentration of this Cys-adequate diet failed to elicit an effect on growth rate; however, feed conversion improved in a linear manner through to 0.50% (P < 0.05). Percentage N retention by broilers was only valid for the 24-h interval at 21 d of age, at which time a quadratic response (P < 0.05) to Met occurred which was independent of feathering rate (Table 3) . This quadratic equation corresponds to Y (N retention) = −4.768 + 0.372 (feathering) +296.534 X − 318.625 X 2 , with the optimum being achieved at 0.46% dietary Met.
Cys Requirement
Differences in relative needs of Cys by slow-and fastfeathering male broilers when Met was submarginal to adequacy were observed with live performance (P ≤ 0.05). Live performance of slow-feathering broilers was unaf- fected by increasing Cys with a diet submarginal in Met (0.45%) (grand means ( SEM: weight gain and feed:gain from 0 to 3 wk of age, 826 g ± 5.4 and 1.42 ± 0.01, respectively). Although Cys supplementation also failed to alter growth of fast-feathering broilers, feed conversion (FC) improved with an optimum response being achieve at 0.40% Cys (cubic; P < 0.05) ( Table 4) .
Nitrogen retention measured at 21 d of age indicated a linear improvement as Cys level progressed, which was not differentially altered by the rate of feathering (Table  5 ). Although N retention response was observed to be linear (P < 0.05), data suggest a leveling of response at Values represent least square means from nine cages, each having six birds at placement.
2
Values expressed for main effects and polynomial factors correspond to the probability. Values expressed for main effects and polynomial factors correspond to the probability.
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Values represent least square means of 18 cages, each having six birds at placement. 0.40% Cys. Broken-line analyses following the procedure of Robbins (1986) were conducted to achieve a better fit of high-variance data and reach an estimate on Cys requirement; maximum retention was attained at a concentration of 0.43%.
DISCUSSION
Accuracy in estimating the absolute need of broilers for Met is dependent on Cys content of the experimental diet. An overestimation of Met the requirement is a direct function of the extent to which Cys is inadequate (Stockland et al., 1973) . The Met requirement in the present study was determined using a basal diet that contained a higher than recommended level of Cys (NRC, 1994) . Ohta and Ishibashi (1994) established that an excess of Cys, when dietary Met is adequate, does not adversely affect animal performance.
Cystine content of feathers is very high, whereas the converse is true for Met, regardless of age and sex (Stilborn et al., 1997) . The sex-linked late-feathering gene (K) is used to separate males from females after hatching within several strains of commercial broilers, trait that results in a delayed or slow rate of feather development. Such extensive differences in feather development and SAA content could affect bird requirements for Cys. In present experimentation, slow-and fast-feathering male broilers had similar response to Met supplementation when Cys was 0.50% and adequate. Ajang et al. (1993) suggested that differences in feathering could potentially affect energy balance and subsequent use of amino acids to alter bird live performance. However, Fotsa et al. (2001) reported that any difference in nutrient demands between broilers that vary in feathering and heat exchange was minimal when reared at high temperature (31°C).
Absence of a growth response to DL-Met supplementation by male broilers receiving adequate Cys has been reported (Moran, 1981; Raju et al., 2001) . Although other researchers have observed an improvement in weight gain with Met supplementation (Wheeler and Latshaw, 1981; Engler et al., 1985) , their diets were lacking Cys.
Feed conversion was not the sole basis for estimating the Met requirements (0.50%) in the present experimentation. Nitrogen retention at the end of the experiment (d 20 and 21) was optimized at 0.46% Met; in turn, the requirement for the entire 0-to-3-wk period would likely be higher because the need for protein and essential amino acids decreases with age. Nitrogen balance measurements provide support that the greatest Met level of 0.50% as shown by the linear response of FC approximates the optimum for slow-and fast-feathering males. This estimate is similar to values reported in other studies under similar terms of reference (Moran, 1981; Raju et al., 2001 ) and agrees with NRC (1994) recommendation.
The extent to which Cys contributes to the TSAA requirement has usually been estimated by varying the ratio of Met to Cys within a fixed TSAA level corresponding to the total requirement ) or a submarginal level (Roth and Kirchgessner, 1989; Chung and Baker, 1992) . In the present experiment, a submarginal level of Met (0.45 vs. 0.50%) was used as the basis for determining Cys needs. In this manner, an improved acuity response to L-Cys supplementation could be expected while avoiding a possible underestimation of Cys from excess Met.
Feather protein synthesis has a particularly high demand for Cys. Differences in the rate of feather growth that occur between slow-and fast-feathering male broilers (Ajang et al., 1993) are likely contributors to the differential response to Cys supplementation observed in the second experiment. Engler et al. (1985) observed that only fast-feathering broiler males responded to L-Cys supplementation in a corn-soybean meal based diet. In a study involving broiler females that feather at a rate similar to fast-feathering males, Beck et al. (1998) did not observe any advantage with L-Cys supplementation. The growth depression that occurs when L-Cys is added to SAA-deficient diets (Featherston and Rogler, 1978; Sell et al., 1980) has been rationalized as accentuation of a concurrent inadequacy that was first limiting.
Nitrogen retention increased in a linear manner (P < 0.01) as Cys supplementation increased to an upper limit of 0.50% although a plateau likely occurred at 0.45%. Additional variability associated with N retention together with a small difference in Cys need between fastand slow-feathering males are probable reasons for a failure to statistically establish this difference between them where FC did. Estimating Cys requirement should involve both FC and N balance; therefore, a dietary Cys concentration of 0.40% represents the lowest estimate for fast-feathering males given that higher Cys needs are generally reported when using N retention as a basis of evaluation than with live performance (Baker et al., 1969) . Similarly, 0.35% Cys represents a close approximation of the needs of slow-feathering birds. Because existing dietary Met determines the extent of Cys utilization, the ratio occurring between the two, when Met was submarginal, should be corrected to the absolute Met requirement in order to estimate the "true" Cys requirement for the 0-to-3-wk age period. These adjusted Cys and TSAA requirements for slow-and fast-feathering birds follow as 0.39 to 0.89% and 0.44 to 0.94%, respectively; thus, the NRC (1994) recommendations for TSAA would be more appropriate for a slow-feathering broiler, and a higher level would be needed to optimize live performance of fast-feathering birds.
Cystine as a proportion of the TSAA requirement was determined to be 44 and 47% for slow-and fast-feathering broilers, respectively. Moran (1981) compared SAA needs for both sexes of a feather-sexable strain during 0 to 2 wk and observed Cys requirement to be 52% of the total for females and 50% for males (Degussa, 1982) . Wheeler and Latshaw (1981) reported a particularly high Cys contribution of 54% to the TSAA requirement with straightrun broilers fed corn-soybean meal based diets from 0 to 3 wk. However, Sasse and Baker (1974) using purified diets reported a relative Cys need to optimize growth rate and feed efficiency of 48%, which agrees with the present calculated value after correction for difference in basal feedstuff digestibility (45%). Differences in feathering rate can affect broiler needs for Cys, whereas amounts provided by the feed will determine additional Met necessary to satisfy any inadequacy and define the actual and variable TSAA requirement.
